Is the directional property of radiation emitted from atoms characteristically different depending on whether the atoms are entangled or not? We investigate this question by analyzing and comparing directional properties of radiation emitted from two and three atoms prepared in an entangled state and in a separable state.
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This work has been motivated by two recent papers. Scully et al. [1] considered an N-atom system(N > 1) prepared in an entangled state by having it absorb one photon from an exciting pulse, and showed that the emitted photon is directed along the absorbed photon even though the atoms have no dipole moment. They see this result as an interesting consequence of many particle entanglement in a dense medium. Eberly [2] considered an N-atom system in a separable state in which each atom is associated with an equal and small nonzero probability amplitude to be in the excited state and showed that the emitted photon is still directed along the absorbed photon. He concluded that whether the atoms are in a highly quantum-mechanical entangled state or in a nearly classical product state makes no difference.
The purpose of this work is to clarify the role of quantum entanglement in a many-atom spontaneous emission process using a full quantum-mechanical treatment. We treat, in the particular, two and threeatom problems in detail, because these simple systems contain all the essential ingredients necessary to understand the many-atom phenomena being considered here.
We consider two and three atoms, respectively, prepared in an entangled state
having one unit of excitation transferred from an exciting pulse of wave vector ko, where Ri is the position vector of the jth atom, and N is 2 or 3. Figs.1(a) and (b) show the probability P--of having a photon of wave vector k emitted from the two and three atoms, respectively. When the separations between the atoms are large compared with the radiation wavelength, the probability is well described by the formula S599(2006) 
